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This case report describes a patient with incessant atrial tachycardia (AT) who underwent
catheter ablation. During electrophysiological study, the stable AT circuit spontaneously
shifted to unstable AT due to intermittent frequent ﬁring from the right inferior pulmonary
vein (PV) after termination of cavo-tricuspid isthmus dependent atrial ﬂutter. A macro-
reentrant AT circuit was observed after electrical isolation of right inferior PV potentials.
These ﬁndings suggest that the presence of rapid activated ﬁring is likely to be associated with
the development of instability in the AT circuit. This may lead to a greater understanding of
the physiology of atrial tachyarrhythmia as a simple clinical model.
(J Arrhythmia 2008; 24: 149–155)
Key words: Atrial ﬁbrillation, Atrial tachycardia, Catheter ablation
Introduction
A rapidly ﬁring focus with signiﬁcant frequency
gradient may increase atrial electrical instabilities,
which may also promote the instability of the macro-
reentrant atrial tachycardia (AT) circuit. We describe
a case of unstable AT circuit due to rapid activated
ﬁring focus from the right inferior pulmonary vein
(PV).
Case report
A 73-year-old man had experienced palpitation
and dizziness for 1 year due to incessant atrial
tachycardia (AT). As the symptoms were not
relieved by medication (verapamil, digitalis, beta
blockers), the patient was referred to our hospital. He
had no family history of sudden cardiac death. Chest
X-ray ﬁndings and laboratory data were normal.
Echocardiographic ﬁndings were mild left atrial
dilatation and tachycardia-induced left ventricular
function impairment (left atrial dimension: 44mm;
left ventricular ejection fraction = 45%). In 64-
MDCT ﬁndings, increased left atrial volume and
patent left superior vena cava were observed
(Figure 1).
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Case Report
We performed an electrophysiological study after
obtaining written informed consent from the patient.
AT was easily induced by burst atrial pacing,
and concealed entrainment was obtained from the
cavo-tricuspid isthmus. AT was diagnosed as coun-
terclockwise-rotated common type atrial ﬂutter
(Figure 2). This atrial ﬂutter was successfully termi-
nated by radiofrequency energy application targeted
at 60 within 50W at cavo-tricuspid isthmus (8mm
dumbbell tip, Fantasista, Japan Lifeline, Tokyo,
Japan). However, the following AT occurred sponta-
neously just after temporary termination (Figure 3).
The AT circuit was essentially a stable circuit,
although it changed spontaneously from a stable to
an unstable reentrant circuit (Figure 4a, b). Rapid
ﬁring from the right inferior pulmonary vein (PV)
consistently preceded the unstable state of the AT
(Figure 4c). Other PV potentials during AT were
conﬁrmed by a circular catheter. However, the
frequency of these always coincided with AT cycle
length. The AT circuit was stabilized after successful
isolation of the right inferior PV potential. The
macro-reentrant circuit of stable AT was determined
by multi-site entrainment mapping. The left atrial
anterior wall showed a low voltage zone, which was
contained in the scar area. Concealed entrainment
was obtained in the low voltage zone in the left atrial
anterior wall. Post-pacing interval was within 10ms
at the roof and septal side of the low voltage area.
Therefore, the estimated course of this macro-
reentrant AT circuit was through the low voltage
zone in anterior LA in the septal-to-roof direction
(Figure 5a, b, c, d). Radiofrequency energy targeted
at 55 within 35W was applied at the low voltage
zone, and AT was successfully terminated
(Figure 5e). Finally, burst pacing could not induce
further atrial tachyarrhythmia, including atrial ﬁbril-
lation (AF).
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Figure 1 3D CT image of the left atrium in
PA projection
Patent left superior vena cava (LSVC) was
observed. Mildly dilated left atrium had a
volume of 110ml.
LSPV: left superior PV, RSPV: right superior
PV, LIPV: left inferior PV, RIPV: right inferior
PV
I
aVL
V1
MAP
CS
TVA
d
p
d
p
(a) (b)
273 ms 266 ms
I
II
III
aVR
aVL
aVF
V1
V2
V3
V4
V5
V6
Figure 2
AT with negative F wave in II III aVF
leads was detected on 12-lead ECG (a).
Cycle length was 264ms. Concealed
entrainment during AT was conﬁrmed
at the cavo-tricuspid isthmus, and
return cycle was consistent with AT
cycle length (b).
AT: atrial tachycardia, CS: coronary
sinus, TVA: tricuspid annulus, MAP:
ablation catheter located in cavo-tri-
cuspid isthmus
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Discussion
Here, we described a case of macro-reentrant
unstable AT (i.e., AF with a simple reentrant circuit).
After successful ablation of cavo-tricuspid isthmus
dependent counterclockwise atrial ﬂutter (common
AFL), AT localized at the left atrial anterior wall
occurred spontaneously. The AT circuit shifted
spontaneously to unstable AT after the preceding
intermittent rapid ﬁring focus from the right inferior
PV. The AT circuit was stabilized after isolation of
the right inferior PV potentials, and ablation of the
AT circuit at the anterior wall of the left atrium
successfully terminated the AT.
In the present case, the reentrant course of
common AFL seems to be more stable than that
of the ensuing AT localized to the anterior LA.
Although it has not been fully clariﬁed how common
AFL maintained stable reentrant circuit, the anatom-
ical boundaries, such as tricuspid valve or inferior
vena cava, and the surrounded critical isthmus of the
atrium may be important to maintain a stable macro-
reentrant circuit of common AFL. Also, the excitable
gap of the reentrant course during common AFL
may be narrower than that of other AT type.
AT localized to the anterior LA is sometimes seen
in patients with AF, and this type of AT sometimes
emerges after electrical PV isolation procedure.1)
These observations suggest that the additional
boundaries or the delineation of possible rapid
excitable lesions, such as PVs, may facilitate main-
tenance of the stable reentrant circuit localized to the
anterior LA. The stepwise ablation approach for AF
provides cumulative evidence that the delineation of
localized sites of rapidly activated foci and addi-
tionally created anatomical boundaries are likely to
convert from AF to AT.2,3) These observations also
support the importance of the anatomical boundaries
and the delineation of potential rapidly excitable foci
to stabilize the AT circuit in patients with AF.
The ensuing AT localized to the anterior LA
spontaneously occurred just after a long pause of
common AFL, and we conﬁrmed rapid ﬁring from
the right inferior PV preceded the unstable state of
the AT localized to the anterior LA. Therefore, rapid
ﬁring may be responsible for the initiation of the
ensuing AT and the shift to the unstable state of AT.
It has been reported that a rapidly ﬁring source
located within or close to one of the PVs could be
responsible for initiating, and in some cases main-
taining, the arrhythmia in patients with AF.4) Its
mechanism underlying such rapid discharge from
PVs, including enhanced automaticity, triggered
activity and localized micro-reentrant mechanism,
may be involved in both initiation and maintenance
of atrial tachyarrhythmia.5–7) The mechanism of
arrhythmia producing very rapid focal ﬁring within
isolated superfused canine PVs may also be pro-
nounced by increased calcium transient triggering
after high-frequency activation.6,7) Spontaneous and
isoproterenol-induced electrical activity in the PV
musculature is likely to be activated to a greater
extent followed by high-frequency atrial activation.8)
Rapid, short-coupled PV tachycardia after long
pause may also promote the PV ﬁring, and increase
the triggered activity due to generating early after
depolarization.9) In this case, the intermittent rapid-
triggered ﬁring from right inferior PV stimulated
under these conditions might be associated with the
spontaneous occurrence and the shift to the inter-
mittent unstable state of AT localized in anterior LA.
Frequency mapping is a simple type of analysis
and may allow identiﬁcation of localized sites of
rapid and periodic activated sources during AF using
multipolar and roving catheters. Cautious mapping
to detect the localized rapid ﬁring site in the PV area
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Figure 3
The ensuing AT occurred spontaneous-
ly at 2.6 s during radiofrequency energy
application after termination of cavo-
tricuspid dependent AT. Cycle length
of ensuing AT was 230ms.
CS: coronary sinus, TVA: tricuspid
annulus, MAP: ablation catheter locat-
ed in tricuspid anulus
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Figure 4
Stability of AT was determined from the activation patterns and cycle length (CL) of atrial electrogram
recorded in multipolar catheter electrodes. AT shifted spontaneously and intermittently from the stable
to the unstable state. Atrial activation was apparently disorganized during the unstable state, and
activation of the unstable AT was similar to intermittent AF (a). The unstable state changed
periodically to the stable state. The CL of stable AT was 230ms (b). Intermittent rapid ﬁring from the
right inferior PV preceded the unstable state of the AT (c).
RA: right atrium, CS: coronary sinus, TVA: tricuspid annulus, RIPV spiral: spiral catheter in the right
inferior pulmonary vein
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facilitates simpliﬁcation of the reentrant circuit of
atrial tachyarrhythmia.
Study limitations
In this case, rapid ﬁring preceded the unstable
state of AT localized to the anterior LA wall, but the
rapid ﬁring may be simply independent activation
that did not inﬂuence the stability of the AT.
However, the AT converted to a stable AT circuit
after delineation of rapid ﬁring from right inferior
PV, which implied that rapid ﬁring aﬀected the
stability of the AT circuit.
We could not observe the status of PV ﬁring
during common AFL. Therefore, it was not fully
clariﬁed whether or not common AFL maintained
the stable circuit under intermittent PV ﬁring. AT
cycle length may also be important to stabilize the
AT circuit. The cycle length of AT was shortened
from 264ms to 230ms in this case. The shortened
cycle length may be responsible for causing the
ﬁbrillatory conduction after the atrial ﬂutter.
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Figure 5
AP and LAO projection of successful termination site of AT. White lines indicate the estimated shapes of
the mitral annulus and pulmonary veins. The low voltage zone on the anterior wall of the left atrium is
indicated by a dotted line (a). Local potential was not clearly identiﬁed at low voltage zone; however
pacing maneuvers were successfully captured. The atrial activation sequence recorded with the multipolar
catheters during pacing maneuvers was consistent with that of AT (b). Concealed entrainment was
obtained at septal site (c) and left roof site (d) of scar zone, and post-pacing interval at locally captured
pacing site was nearly consistent with ATCL. Therefore, the curved line with the arrow is likely to show
the estimated macro-reentrant AT circuit through this area (a). Radiofrequency energy was applied beside
the low voltage zone at the left anterior region as show in the upper right panel, and AT was successfully
terminated (e). The lower panel shows the local potential at the RF site during AT and after AT
termination. Double potential suggesting conduction block of AT circuit was determined just after AT
termination.
D: distal, M: middle, P: proximal, RA: right atrium, CS: coronary sinus, TVA: tricuspid annulus, MAP:
ablation catheter located in LA anterior to the low voltage zone (b), at septal site of LA (c) and at roof site (d)
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We did not use the 3D electroanatomical map-
ping system to evaluate the circuit of macro-
reentrant AT localized to the LA anterior wall.
Thus, the location of the low voltage zone and the
macro-reentrant course could not be determined
precisely.
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